Based on the new ab-initio molecular dynamics method by Kühne et al. (Phys. Rev. Lett. 98, 066401 (2007)), we studied the mechanism of superionic conduction in substoichiometric Li poor 
down to the stability boundary Li 0.88 Al, where the activation energy is as low as 78 meV.
Li diffusivity at 688 K is ∼ 3.0 × 10 −7 cm 2 /s for Li-rich alloys (x = 0.15) and ∼ 1.6 × 10 In order to provide a microscopic understanding of the superionic properties of Li 1+x Al, we report here an ab-initio simulation of the energetics and mobility of vacancies in the B32 phase of Li 1+x Al alloy for x < −0.0156 (Li-poor alloys) where the concentration of antisites is negligible. 9 To this aim we have adopted a new ab-initio molecular dynamics technique, recently introduced by Kühne et al. 11 , which allows for substantial speed up with respect to 
where a is the interatomic Li-Li distance in the perfect crystal (2.774Å), c vac is the vacancy concentration and f c is a correlation factor which contains information on correlations between individual jumps of Li atoms 21 . f c is equal to 0.5 for vacancy-mediated diffusion in a diamond sublattice and in the lack of any further dynamical correlation among the Li jumps (e.g. due to vacancy-vacancy interactions or enhanced forward-backward jumps not contributing to diffusivity). In general, to assess possible deviation of f c from the ideal value, substantially longer simulation times are needed than those required to estimate the tracer diffusivity. As shown in Fig. 1 , the distribution of the residence times of the vacancy in its site is well described by an exponential function 1 64
) we we obtain f c = 0.45 for the three highest temperatures, which is still very close, considering our uncertainties, to the ideal value of 0.50 for vacancy mediated diffusion in a diamond sublattice. However, is 30 time larger than the value inferred from the dynamical simulations. This discrepancy might be ascribed to frequent recrossing events (neglected within TST) in the presence of a relatively flat saddle point (cfr. Fig. 2 ) which might also be responsible for the correlated vacancy jumps at low temperature (280 K) mentioned above. The dynamical simulations seem thus mandatory to obtain the correct order of magnitude for the frequency prefactor in this system. By refining the BZ integration over a 3×3×3 MP mesh the path does not change sizably but the activation energy raises up to 0.11 eV, which is in better agreement with the experimental data. The potential energy along the MEP, the geometry of the initial, final and transition states are shown in Fig.2 . A plot of the charge density at the TS is given as additional material.
In view of the very good agreement with experiments, our results point to the conclusion that in Li-poor alloys at temperature below 700 K, Li + diffusion occurs through simple vacancy jumps.
As a further check of the internal consistency of our picture we have explored whether, in the Li-poor region, excess vacancies might also be produced in sizeable amount via thermally at 688 K, which is several order of magnitude lower than that of constitutional vacancies due to defects in stoichiometry. The formation energy of an Al Frenkel pair is instead as large as 3.10 eV. In this respect we note that a pair of Li and Al vacancies is unstable with respect to the formation of two Li vac and a Li Al antisite. In fact, the energy that is gained when a Li atom is moved into a Al vacancy is 0.38 eV, as it results from calculating the energy difference between these two configurations, in a 128-atoms supercell. This explains why Al vacancies and interstitials are not to be found in LiAl alloys. 24 On the other hand, the insertion of two Li vac and one Li Al in a perfect stoichiometric 128-atoms cell leads to a slightly negative formation energy (-65 meV), which indicates that at low defects concentration these defects form spontaneously. This result is consistent with the experimental estimate of defects concentration obtained from the variation of lattice parameters as a function of 
